The 75-g oral glucose tolerance test was performed in 38 normoglycaemic (World Health Organization criteria) non-diabetic volunteers, aged 31-40 years, of whom 20 had a non-insulin-dependent diabetic (NIDDM) mother and 18 had an NIDDM father. At the time of the study the offspring of NIDDM mothers had a somewhat higher body mass index (BMI) (males: 26.5 _ 1.0 (mean + SEM), females: 27.5 _+ 1.5 kg/m 2) than the offspring of NIDDM fathers (males: 23,4 + 0.9, females: 24.2 + 1.2 kg/m2). There was no difference in the time-course of glycaemia; however the serum concentrations of immunoreactive insulin (IRI), C-peptide and proinsulin were significantly higher in offspring of NIDDM mothers than in offspring of NIDDM fathers: area under the curve (AUC) serum IRI: 0.928 + 0.091 vs 0.757 + 0.056 nmol -1-1 9 h -1, p =0.019; serum C-peptide: 6.379+0.450 vs 4.753 __ 0.242 nmol 9 1-1 9 h -1, p = 0.004; serum proinsulin: 172 _+ 40 vs 51 + 7 pmol 9 1-1 9 h -1, p = 0.008). Serum IRI correlated with BMI, but C-peptide and proinsulin did not, and after accounting for BMI by covariance analysis they remained significantly higher in offspring of NIDDM mothers. In this group serum proinsulin was significantly higher in male than in female offspring (AUC serum proinsulin: 289_+ 68 vs 77 + 27 pmol. 1-1. h -1, P = 0.015). Male offspring of NIDDM mothers also had significantly higher serum triglyceride levels than females of the same group and than offspring of NIDDM fathers. The offspring (male and female) of NIDDM mothers had slightly lower serum apolipoprotein A-I levels than the offspring of NIDDM fathers. Significant correlations were found between serum triglycerides, HDL-cholesterol and apolipoprotein B, and serum concentrations of pancreatic beta-cell peptides, mostly in the offspring of NIDDM mothers; however, they did not display unequivocal association with gender within this group. The data are consistent with clinical observations of a greater risk of NIDDM transmission from the mother than from the father, and may suggest that male offspring are more exposed to this risk than female offspring. [Diabetologia (1996) 39: 831-837] 
Summary
The 75-g oral glucose tolerance test was performed in 38 normoglycaemic (World Health Organization criteria) non-diabetic volunteers, aged 31-40 years, of whom 20 had a non-insulin-dependent diabetic (NIDDM) mother and 18 had an NIDDM father. At the time of the study the offspring of NIDDM mothers had a somewhat higher body mass index (BMI) (males: 26.5 _ 1.0 (mean + SEM), females: 27.5 _+ 1.5 kg/m 2) than the offspring of NIDDM fathers (males: 23,4 + 0.9, females: 24.2 + 1.2 kg/m2). There was no difference in the time-course of glycaemia; however the serum concentrations of immunoreactive insulin (IRI), C-peptide and proinsulin were significantly higher in offspring of NIDDM mothers than in offspring of NIDDM fathers: area under the curve (AUC) serum IRI: 0.928 + 0.091 vs 0.757 + 0.056 nmol -1-1 9 h -1, p =0.019; serum C-peptide: 6.379+0.450 vs 4.753 __ 0.242 nmol 9 1-1 9 h -1, p = 0.004; serum proinsulin: 172 _+ 40 vs 51 + 7 pmol 9 1-1 9 h -1, p = 0.008). Serum IRI correlated with BMI, but C-peptide and proinsulin did not, and after accounting for BMI by covariance analysis they remained significantly higher in offspring of NIDDM mothers. In this group serum proinsulin was significantly higher in male than in female offspring (AUC serum proinsulin: 289_+ 68 vs 77 + 27 pmol. 1-1. h -1, P = 0.015). Male offspring of NIDDM mothers also had significantly higher serum triglyceride levels than females of the same group and than offspring of NIDDM fathers. The offspring (male and female) of NIDDM mothers had slightly lower serum apolipoprotein A-I levels than the offspring of NIDDM fathers. Significant correlations were found between serum triglycerides, HDL-cholesterol and apolipoprotein B, and serum concentrations of pancreatic beta-cell peptides, mostly in the offspring of NIDDM mothers; however, they did not display unequivocal association with gender within this group. The data are consistent with clinical observations of a greater risk of NIDDM transmission from the mother than from the father, and may suggest that male offspring are more exposed to this risk than female offspring. [Diabetologia (1996) 39: 831-837] Diabetes mellitus has long been recognized as a familial disease. However, only recently has evidence been accumulated that the gender of a diabetic parent may be an important factor in the transmission of the disease to the offspring. In the early 1980s a group of investigators from the Joslin Diabetes Center presented results from several studies indicating that the risk of insulin-dependent diabetes (IDDM) is several times higher in offspring, if the father rather than the mother had IDDM [1] . Also, with regard to non-insulin-dependent diabetes (NIDDM), results Sex (male/female) Age (years) of several studies indicate that maternal rather than paternal factors may be more important in transmission of this disease. A higher prevalence of NIDDM was found in mothers than in fathers following retrospective analysis of patients' family histories [2] [3] [4] [5] . Furthermore, women with gestational diabetes have been reported to more frequently have an NIDDM mother than father [6] . Studies on rats with streptozotocin-induced diabetes during pregnancy [7] and rats with spontaneous NIDDM [8] demonstrated a significant effect of maternal diabetes on the development of diabetes in their offspring. Although NIDDM manifests itself in adult life, it is preceded by characteristic disorders which gradually increase in their intensity despite preservation of glucose tolerance [9] . A suitable model for the study of the natural history of NIDDM are the offspring of parents with the same type of (conjugal) diabetes. Several studies have shown that this group have moderate disorders typical of NIDDM, such as insulin resistance, hyperinsulinaemia, dyslipidaemia, and high body fat content, prior to the onset of glucose intolerance [10] [11] [12] [13] [14] [15] . Recently, elevated circulating concentrations of proinsulin and its conversion products, mainly B-chain C-peptide junctional cleaved peptides, were detected in early NIDDM and in individuals with impaired glucose tolerance (IGT), including glucose-intolerant first-degree relatives of NIDDM patients [16] [17] [18] [19] . The present study reports on the beta-cell secretory activity, including the proinsulin secretion, and on the blood lipid profile of adult normoglycaemic, non-diabetic probands who either had a mother or a father with NIDDM.
Subjects and methods
This study comprised 38 normoglycaemic (World Health Organization criteria) subjects, aged 31-40 years; of these 20 (9 men and 11 women) had a mother, and 18 (7 men and 11 women) had a father with NIDDM. They constituted the above-given age range in a cohort of randomly assigned non-diabetic children of either NIDDM mother or father treated in our institution. There were no siblings among these probands. Men and women of both groups had similar clinical parameters and only sons of NIDDM fathers had somewhat higher birthweights. However, at the time of this investigation the offspring of diabetic mothers had a greater BMI calculated both for the whole group and separately for males and females (Table 1). The very close waist-hip ratio (WHR) values showed a similar distribution of adipose tissue in men and women of both groups. All parents of probands were examined: in healthy parents diabetes and IGT were excluded on the basis of a 75-g oral glucose tolerance test (OGTT) [20] , and the diabetic parents were followed-up in the diabetic out-patient clinic. For all NIDDM parents the disease had presented after the birth of the studied offspring. Relevant clinical data are presented in Table 2 . The mothers, who at the time of the study had NIDDM, were at the time of delivery somewhat older than mothers with normal glucose tolerance. The only significant non-gender-dependent differences between diabetic Fig. 1 . Glycaemia curves after OGTT (arrow) in non-diabetic adult offspring of either NIDDM mother (-) or father (---). Mean + SEM non-equilibrium assay conditions des [31, 32] proinsulin is 95 % more potent than intact proinsulin. Thus, the proinsulin concentrations measured by this assay are the sum of intact and B-chain C-peptide junctional cleaved peptides and represent the total circulating proinsulin concentration. The detection limit for this RIA is 3.5 pmol/l, and for 50 pmol/1 the intra-assay CV is 6.5 % with a 95 % recovery, and for higher serum levels (250 pmol/1) it is 21% with a 108 % recovery. Both insulin and C-peptide display negligible levels of cross-reactivity in the proinsulin RIA [21] . Serum triglyceride and total cholesterol levels were determined by enzymatic methods (Monarch 2000, Instrumentation Lab., Lexington, MA, USA), HDL-cholesterol was measured after precipitation of other lipids, LDL-cholesterol was calculated up to 10.3 mmol/1 by the Friedewald formula, and for higher values the precipitation method with polycyclic anions was used. Apolipoproteins A-I and B were measured by immunoturbidimetric assay. mothers and diabetic fathers at disease onset were higher BMI and diastolic blood pressure in the mothers. Interestingly, only diabetic mothers had a positive family history of NIDDM. The study was approved by the ethical committee of the Central Clinical Hospital in Warsaw, and all subjects gave their informed consent according to the Helsinki Declaration.
During the OGTT samples of antecubital venous blood were drawn at -10, 0, 30, 60 and 120 min after administration of glucose. Blood glucose was determined enzymatically using the glucose-oxidase-peroxidase method (Centriyfichem 606, Baker-Serono, Alentown, PA, USA). Serum samples were stored at -20 ~ until radioimmunological analyses for insulin [double-antibody RIA; Institute of Nuclear Research, Swierk, Poland; average intra-assay coefficient of variation (CV) 8.5 %], and C-peptide (Byk-Sangtee Diagnostica kits, Ditzenbach, Germany; average intra-assay CV 6.5 %). Serum proinsulin concentrations were determined by a competitive nonequilibrium RIA method. The polyclonal antibody used in this assay (168AB) recognizes a proinsulin-speeific epitope formed by the intact A-chain C-peptide junction. Under Statistical analysis. The results are presented as means _+ SEM.
The areas under the curves (AUC) were calculated by the trapezoidal method [22] . We used the Student's t-test for comparing means of independent samples. The correlation between variables was calculated by linear regression. In order to eliminate the contribution of variables other than the gender of parents variance analysis with covariates was applied [23] . Two-sided p-values less than 0.05 were considered significant. All calculations were performed by the SPSS/PC + 4.01 computer program.
Results
Blood glucose, serum insulin, C-peptide and proinsulin concentrations. In all probands the concentrations of blood glucose both in the fasting state and after glucose load were within the normal range according to the WHO criteria [20] and the mean values were not significantly different between the offspring of (Fig.l) . In contrast, the serum insulin (IRI) concentrations were higher in offspring of diabetic mothers, and the difference between the mean values was significant at fasting, at 30 and at 120 min following glucose load (Fig.2A) . The difference between the mean (Fig.2B) . Nevertheless, the mean serum C-peptide/IRI ratio did not differ significantly between the two groups of offspring, either in the fasting state or after glucose load (Fig. 2C) . The mean serum proinsulin concentration was significantly higher in offspring of diabetic mothers than in those of diabetic fathers, at fasting and at all times following oral glucose load (Fig. 3 ). These differences in serum IRI, C-peptide and proinsulin concentrations between the two groups of probands were also significant after calculation of AUC ( Table 3 ). The age range of the probands was limited to one decade (31--40 years) which enabled us to rule out the effect of ageing on the determined parameters of pancreatic beta-cell activity. The serum IRI levels in the whole group were correlated with BMI (r = 0.378, p = 0.02), but levels of C-peptide and proinsulin were not (r = 0.176, p = 0.289 and r = 0.209, p = 0.208, respectively). Accounting for BMI by covariance analysis removed the influence of the gender of the parent on serum IRI in the offspring, but not on C-peptide or proinsulin, which remained significantly higher in the offspring of diabetic mothers (Table 3) .
To assess whether the effect of the gender of the diabetic parent was also dependent upon the gender of the offspring, serum levels of IRI, C-peptide and proinsulin between sons and daughters in each group, between sons of both groups, and between daughters of both groups, were compared. Both male and female offspring of NIDDM mothers had significantly higher serum concentrations of the peptides when compared with the male and female offspring of NIDDM fathers. Interestingly, in the offspring of diabetic mothers, males had considerably higher serum Values are mean _+ SEM Table 5 . Blood lipid profile in non-diabetic offspring of one NIDDM parent Blood lipid profile. The offspring of NIDDM mothers had significantly higher serum triglyceride levels and significantly lower serum apolipoprotein A-I levels, than offspring of NIDDM fathers (Table 5) . It is again interesting to note that the male offspring of diabetic mothers had significantly higher serum triglyceride levels than females. There was no difference in other blood lipid profile parameters between male and female offspring in both groups. The serum triglycerides were significantly correlated with serum proinsulin (AUC) in both offspring groups, and when males and females were separately analysed (see above). Only in the offspring of NIDDM mothers was a significant correlation found between serum HDL-cholesterol (negative) and serum IRI (AUC) and C-peptide (AUC), and between serum apolipoprotein B (positive) and serum C-peptide (AUC) and proinsulin (AUC); however, the separation of this group into sons and daughters showed no characteristic pattern of the association of these correlations with gender.
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Discussion
To our knowledge, this is the first report to show that normoglycaemic, non-diabetic adult children of NIDDM mothers differ from those (in the same age range) of NIDDM fathers in having greater BMI, higher basal and stimulated (OGTT) serum levels of insulin, C-peptide and proinsulin, higher serum triglyceride and lower serum apolipoprotein A-I levels. Furthermore, we show here that the serum proinsulin and triglyceride levels are significantly higher in sons of NIDDM mothers than in daughters of NIDDM mothers. Also the serum C-peptide levels and serum C-peptide/IRI ratios are slightly (although not significantly) higher in sons than in daughters of NIDDM mothers. Of note is the difference in the serum proinsulin concentration, indicating an abnormal pancreatic beta-cell function in offspring of NIDDM mothers, particularly in the males [24] . Thus, the results support the above-quoted studies of family history of NIDDM patients demonstrating that diabetic mothers prevailed over fathers [2] [3] [4] [5] . In addition, our results indicate that the risk of NIDDM in offspring, expressed through the impairment of betacell secretory activity, may be influenced by their gender. The underlying mechanism of this phenomenon remains to be elucidated. Sex-linked genetic transmission and the influence of the intrauterine milieu on the fetal development are probably major factors. Similar incidence and prevalence of NIDDM in men and women prove that an X-linked recessive trait, which is more likely to be expressed in men, is not involved. The concept of genetic imprinting is only theoretical speculation. More convincing is the hypothesis of maternally inherited mitochondrial DNA-mutation, since nearly all mitochondrial DNA is received from the ovum rather than from the sperm [25] . So far, observations of maternally inherited mitochondrial point mutations associated with glucose intolerance have been limited to sporadic cases, which are characteristic of other defects (e. g. hearing loss, neurological syndromes) and demonstrate a somewhat different course of diabetes (earlier manifestation, lower frequency of obesity, more frequent need for insulin therapy) [26] [27] [28] . Nevertheless, the contribution of mitochondrial DNA mutations to overall NIDDM incidence is an attractive hypothesis, especially as this type of diabetes presents as a multisystem disease [29] .
The greater prevalence of diabetes in offspring of NIDDM mothers may also be a result of the influence of the specific intrauterine environment in fetal life. Results from studies of Pima Indians have shown that the prevalence of NIDDM is significantly higher among offspring of mothers who had had gestational diabetes than in offspring whose mothers had only had IGT during pregnancy or who developed diabetes after giving birth [30] . Aerts et al. [7] also found that experimental streptozotocin diabetes induced in rats at the beginning of the pregnancy resulted in metabolic and morphological deterioration of fetuses, with consequences (including glucose intolerance) in later life for the two following generations. Although in our study diabetes had developed after the birth of the progeny, specific changes in the intrauterine milieu during the prediabetic state could lead to the impairment of pancreatic beta-cell function and other discrete disorders. Poor fetal nutrition and, in particular, insufficient supply of amino acids, which are the major factors controlling the growth and development of pancreatic islets and other tissues seem to be of particular importance, as suggested by Freinkel [31] and expanded by others [32] [33] [34] . In this study only sons of NIDDM fathers had higher birthweight, and no difference in this parameter was found between the other groups of probands, but other nutritional and non-nutritional defects, may be involved.
The finding of a significant difference in serum proinsulin between both sons and daughters of NIDDM mothers also remains unexplained. If this observation is confirmed by others, its most plausible explanation might be an increased susceptibility of male offspring of diabetic mothers to "diabetogenic" genetic and environmental factors. However, such a gender-differentiated susceptibility to NIDDM has only a marginal influence on the incidence and prevalence of this type of diabetes, as in adult life environmental diabetes risk factors have a greater influence in women than in men.
Thus far, whether the observed slight shifts in blood lipid profile in offspring (particularly in sons) of NIDDM mothers are determined by an increased secretory activity of pancreatic beta cells, or by some independent factor(s), is unclear. Nevertheless, the finding of these differences in the blood lipid profile between the offspring of NIDDM mothers and fathers in the prediabetic period may have a practical value, considering that hypertriglyceridaemia and low levels of "protective factors" (i. e. apolipoproptein A-I) along with increased serum concentrations of 32-33 split proinsulin are risk factors for cardiovascular disease [35] . However, whether NIDDM inherited from the mother rather than the father presents a greater risk for macroangiopathy can only be determined after prospective morbidity and mortality studies of children are carried out.
